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(54) High throughput preparation and analysis of polymer blends 



(57) A rapid throughput method for the preparatloni 
analysis or both of libraries of material sanrples is pro- 
vided. According to the method, a plurality of sannples 
is provided. Providing the plurality of samples can in- 
clude a variety of sample fomiatlon techniques Includ- 



ing, but not limited to, extruding, milling, compression 
preparation, rotary mbcing, microcentrifugation, molding 
and casting. Preferably, the samples are solidrfied into 
a near net shape configuration appropnate for testing of 
properties or characteristics of the samples. 
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Description 

[0001] The present Invention claims the benefit of the priority of U.S. Provisional Application Serial Number 
60/340,884. 

FIELD OFTHEHNVENTION 

[0002] The present invention generally relates to methods for high throughput preparation and analysis of materials, 
and more particularly to the high throughput preparation and analysis of libraries of materials tor the discovery of new 
10 materials or the rapid characterization of existing materials. 

BACKGROUND OF THE INVENTION 

[0003] The discovery of new materials with novel chemical and physical properties often leads to the development 

15 of new and useful technologies. Over forty years ago, for example, the preparation of single crystal semiconductors 
transfomned the electronics industry. Cun'entiy, there Is a tremendous amount of activity being carried out in the areas 
of new solid materials. Unfortunately, even though the chemistry of extended solids has been extensively explored, 
tew general principles have emerged that allow one to predict with certainty corrposition, structure and reaction path- 
ways for the synthesis of such solid state compounds, compositions or structures. Moreover, It Is difficult to predict a 

20 priori the physical properties or the microstructure that a particular material will possess. 

[0004] Cleariy, the preparation of new materials with novel chemical and physical properties is at best happenstance 
with our currerrt level of understanding. Consequently, the discovery of new materials or materials with desirable prop- 
erties (e.g., physical properties) can depend largely on the.abiilty to synthesize and analyze new materials, compounds, 
compositions or structures. For Instance, the discovery and formation of materials such as polymers, elastomers and 

25 the like may at least partially depend upon the ability to fonn samples \n a fonrtat appropriate for testing the physical 
properties of those samples. As an example, It may be desirable to fonn combinatorial libraries of samples with a 
substantially uniform configuration (e.g., having uniform size, shape, surface smoothness or topography) to allow char- 
acteristics of the samples to be uniformly tested and for allowing the characteristics of the samples to be meaningfully 
compared. However, It may be difficult to forni samples with various different chemical compositions while maimalning 

30 a substantially unifomi physical configuration for the samples. 

[0005] As such, there exists a need In the art for more efficient, economical and systematic approaches for the 
preparation of materials and for the screening of such materials for information potentially bearing upon the actual 
useful properties of the materials. 

[0006] Schultz et al., in U.S. Patent No. 5,985^356 entitled "Combinatorial Synthesis of Novel Materials" disclose 
35 methods for preparing and screening arrays of materials for combinatorial material science applications, and Is incor- 
porated herein by reference. 

[0007] This invention provides methods and apparatus for the fonmatlon and testing of combinatorial Ibraries or 
arrays of polymer Euid other materials on or In suitable substrates by effectively utilizing a certain combination of steps 
or sU-uctures. The invention can be used to make known materials or new materials. 

40 

SUMMARY OF INVENTION 

[0008] The present invention generally provides a rapid throughput method for the research and development of 
materials, including but not limited to homogeneous materials or blends of different materials, wherein the materials 

45 Include a metal, a polymer, a ceramic, a composite, or another solid material. 

[0009] According to one embodiment, the method Includes the steps of providing a first material; providing a second 
material; and blending the second material with the first material to form a blend; and optionally forming a material 
sample of the blend, characterizing the morphology of the blend, characterizing the composition of the blend, screening 
the blend for at least one property of Interest, or a combination thereof. In a particulariy prefenred embodiment, the 

50 steps of blending materials, fomriing the material samples, or both, are repeated sequentially or performed simultane- 
ously to create a library of a plurality of samples (e.g., at least 4. at least 8, at least 24 or even at least 96). I n another 
particularly preferred embodiment, the methods are perfomied In miniature scale, such as for preparing samples as 
small as about 0.1 kg or smaller (e.g., on the order of about 0,001 kg or smaller). 

[0010] According to another embodiment, the method Includes the steps of providing a material sample in at least 
55 a partially fluidic state. Thereafter, the samples are solidified into substantially the desired sample shape that is suitable 
for analysis. Optionally, the sample is characterized In relation to Its properties, composition or othenwise. 
[0011] The present Invention advantageously penults for the rapid throughput formation of materials In a format 
appropriate for rapid combinatorial screening, for rapid discovery of new processing or treatment conditions, for rapid 
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characterization of new or existing materials, or a combination thereof. 
DESCRIPTION OF DRAWINGS 
5 [0012] 

PIG. 1 illustrates a system for providing material samples in accordance with an aspect of the present Invention. 
FIG. 2 illustrates a perspective view of a miniature extruder-type mixing apparatus In accordance with an aspect 
of the present Invention. 

10 FIG. 3 illustrates a sectional view of the miniature extruder-type mixing apparatus of FIG. 2 taken along line 3-3. 

FIG. 4 illustrates a schematic diagram of a mlliing apparatus In accordance with an aspect of the present invention. 
FIG. 5 illustrates a sectional view of the milling apparatus of FIG. 4 taken along line 5-5. 
FIG. 6 illustrates a perspective view of an exemplary roller for use In a milling apparatus such as the apparatus of 
FIG. 4. 

15 FIGs. 7 and 8 illustrate diagrams of apparatuses for molding materiel samples In accordance with an aspect of the 
present Invention, 

FIGs. 9-1 1 lllustrBte apparatuses for rotary mixing of materials In accordance with an aspect of the present inven- 
tion. 

FIG. 12 illustrates a perspective view of an exemplary tool for microcentrifugatlon of materials according to an 
so aspect of the present invention . 

FIG. 13 illustrates a sectional view of the exeinplary tool of FIG. 12 taken along line 1 3-1 3. 
FIG. 14 illustrates an exemplary apparatus for molding materials according to an aspect of the present invention. 
FIG. 15 illustrates a flowchart of an exemplary set of steps that may be used for processing material sample 
according to an aspect of the present invention. 

29 FIG. 1 6 illustrates a graphical representation of data acquired for material samples according to an aspect of the 
present invention. 

FIG. 17(a) illustrates an exploded perspective view of an exemplary substrate In accordance with an aspect of the 
present invention. 

FIG. 17(bj illustrates a sectional view of the substrate of Rgure 17(a) in an assembled condition In accordance 

30 with an aspect of the present invention. 

FIG. 1 8(a) Illustrates an exploded perspective view of an exemplary substrate In accordance with an aspect of the 
present invention. 

FIG. 18(b) illustrates a sectional view of the substrate of Figure 18(a) in an assembled condition In accordance 
with an aspect of the present invention. 
35 FIG. 1 9(a) Illustrates an exploded perspective view of an exemplary substrate In accordance with an aspect of the 

present invention. 

FIG. 19(b) illustrates a sectional view of the substrate of Figure 19(a) in an assembled condition In accordance 
with an aspect of the present Invention. 

FIG. 20 illustrates a perspective view of an exemplary system for assisting in solidifying material samples In ac- 
40 cordance with an aspect of the present Invention. 

FIG. 21 illustrates a perspective view of another exemplary system for assisting in solidifying material samples in 
accordance with an aspect of the present invention. 

FIG. 22 illustrates a perspective view of yet another exemplary system for assisting In solidifying material samples 
in accordance with an aspect of the present invention. 
45 FIG. 23 illustrates a partially cut-away exploded perspective view of an exemplary substrate in accordance with 

an aspect of the present Invention. 

FIG. 23(a) illustrates an exemplary material sample fonned using the substrate of FIG. 23 according to an aspect 
of the present invention. 

RG. 24 Illustrates a partially cut-away exploded perspective view of an exemplary substrate in accordance with 
50 an aspect of the present Invention. 

FIG. 24(a) illustrates an exemplary material sample formed using the substrate of FIG. 24 according to an aspect 
of the present invention. 

FIG. 25(a) and 25(b) Illustrate exemplary material samples being fonned into films upon a substrate according to 
an aspect of the present invention. 
ss FIG. 26 illustrates exemplary material samples being formed Into films upon a substrate according to an aspect of 
the present Invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

[0013] According to one aspect, the present Invention provides a method for the research and development of com- 
mercially attracth^e materials that, preferably, Includes the steps of:, 

5 

1) Providing a library ot at least partially fluldic material samples; and 

2) Solidifying the library of material samples into substantially the desired sample shape that Is suitable for analysis. 

[001 4] The method In particular makes use of time, evaporation, heat, pressure, vacuum conditions or a combination 
10 thereof for achieving the desired resulting configuration. 

[0015] According to another aspect of the Invention, the step of solidifying the library of material samples provides 
the samples in a format suitable for analysis for determining a characteristic or property of the samples. Alternatively, 
however, the samples may be used for a variety of other purposes as well. 

[0016] In yet another aspect, the present invention provides a method for the research and development of commer- 
15 daily attractive blend materials, including the steps of: 

1 ) Providing a first material; 

2) Providing a second material; 

3) Blending the second material ^wtth the first material; 
20 4) Forming a material sample of the blend; and 

5) Characterizing the morphology of the blend, characterizing the composition of the blend, screening the blend 
for at least one property of Interest, or a combination thereof. 

[0017] As used herein the term "bfend" shall refer to a mixture of at least two chemically or physically different ma- 
25 terlals. in a preferred embodiment, but not necessarily required in the practice of the present Invention, at least one of 
the materials is a polymer ("polymers" shall encompass homopolymers, copolymers, oligomers, co-ollgomers, polymer 
blends or the like). Blends herein may be homogeneous, heterogeneous or othenwlse. Blends may Include two or more 
materials that are substantially mlscibfe or substantially immiscible relath/e to each other for a given condition. Blends 
may include at least two materials that differ In f cnfn, composition, processablllty, surface characteristic, diffusion, mor- 
30 phology, phase separation behavior, or some other characteristic. Moreover, such characteristics may render the ma- 
terials Immiscible or mlsclble relative to each other and/or compatible or Incompatible relath/e to each other. Blends of 
the present invention may be mono-phase or may take any of a number of different multi-phase fomns, examples of 
which include dispersions, composites with other polymers, Interpenetrating networks, or the like. Blends may also 
include polymer alloys that include a modified interface between polymers. The different materials In a blend need not 
35 be compositionally distinct to fomn a blend; however, blends will, in most instances, include at least two materials of 
different anshltecture. 

[001 8] In a particularly preferred embodiment, the method of the present invention Is employed as part of a nesearch 
and development program for the discovery or optimization of materials that are made in bulk quantities (e.g., greater 
than about 10 kg, more preferably greater than about 100 kg, still more preferably greater than about 1000 kg, and 
40 still more preferably greater than about 1 0,000 kg), such as that amount sufficient for meeting commercial or Industrial 
demands. 

[0019] As the following will illustrate, the Invention involves various aspects that, Independently or in combination, 
may contribute to this result, or conversely, the elimination during research and development of certain materials from 
consideration for bulk production. For example. In one aspect, the present invention is directed toward. methods for 

45 the physical mixing of two or more materials for forming a blend composition. In another aspect, the present Invention 
is directed to methods for the fomnatlon of material samples (e.g., of a single material, or blends of plural different 
materials) that are suitable for quantitative or qualitative analysis. In yet another aspect, the present Invention Is directed 
to methods for the analysis of material samples. Further aspects will be ascertainable from review of the discussion 
herein. As will be appreciated, some of the methods disclosed herein may be employed for either or both of fomnlng a 

so blend of plural different materials by mixing or fonnlng material samples of one material or a plurality of different ma- 
terials. Thus, discussion herein of a method in one context Is not intended to exclude application of the method in 
another context. Further, It will be appreciated thatmaterlal samples or blends prepared In accordance with the methods 
herein may be subjected to additional art-disclosed processing techniques, such as thermal exposure, surface treat- 
ment or the like. 

55 [0020] One unique feature of the present Invention is the ability to employ the methods for the preparation of miniature 
scale material samples, thereby enabling rapid throughput analysis and cost-effective use of equipment, materials and 
other resources. 
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Materials 

' [0021] The present invention may be useful for fonning and screening combinatorial libraries chosen from a wide 
variety of materials, including but not limited to, metals, ceramlcSi composites, organic materials, inorganic materials, 

5 flocculated materials, colloids, non-volatile materials, soluble materials, combinations thereof and the like. Other ma- 
terials appropriate for combinatorial research may Include, for Instance, catalysts, products of various polymerization 
reaction conditions, lubricants, gets, adhesives, coatings and/or products of newpost>synthesls processing condttions. 
Materials appropriate for combinatorial research according to the present Invention may be also selected from food- 
stuffs, cosmetics, beverages, lotions, creams, phamiaceuticals, inks, body fluids, fuels, additives, detergents, sur- 

10 factants, shampoos, conditioners, other hair styling products, dyes, waxes, fuel cell electrolytes, photoresist, semicon* 
ductor material, wire coatings, or the like. 

[0022] According to one highly preferred aspect, though applicable to other materials, the present Invention has been 
found particularly useful In connection with the processing and testing of, amongst other materials, polymeric materials 
or blends Including the same. In this regard, the present Invention can be employed to investigate any of a number of 

i5 different types of materials Including homogeneous blends, heterogeneous blends, interpenetrating networi<s, copol- 
ymers, composites, or other materials. Preferably, the blends will include a first material and a second material, one 
or both of whkrh may be polymers. The blends need not be homogeneous materials or homogeneous polymer materials, 
and may Include, for instance, organic or inorganic constituents. Further, the blends may be of non -polymers, Inorganic 
materials, organic materials, biological materials, phamiaceutical compounds and polymorphs thereof, salts of smalt 

50 organic molecules or other non-biological or biological materials. 

[0023] Without Intending to be limited thereby, the present invention is contemplated for use in connection with re- 
search or other activities addressing thennoset polymers, themioptastic polymers, or mixtures thereof. The polymers 
also may be thermosets that become crossllnked. For example, among the popular industrial polymers for which the 
present invention is useful are polymers selected from one or more types of polymers including, for example, polyoleflns 

25 (e.g., polyethylene, polypropylene, polyethylene terephthalate, orthe like), vinyls (e.g., polyvinyl chloride), polyamldes . 
(e.g., NYLON®), polylmldes, polyurethanes, acrylics, polyesters, celluloses, acetates, melamines, thermoplastic mb- 
bers, thermosetting mbbers, fluorocarisons (e.g. PTFE or TEFLON®), polystyrenes, nitriles.phenolics, potycariaonates, 
epoxies, ABS, polyethylene ether ketones, acetats, or otherwise. The polymers may be high molecular weight, medium 
molecular weight, low molecular weight, high density- (IHD], low density (LD) or medium density (MD), conductive pol- 

30 ymers, insulative polymers, ionomers or the like. 

[0024] Examples of other polymeric materials may include various potyolefin resins, mixtures of polylefins with other 
thermoplastics, mixtures of polyethylene (e.g., LDPE, VLDPE, or HOPE), polypropylene, ethylene/a-olefin copolymer, ' 
and/or polybutene-1 with ethylene alkyi (meth)acrylate copolymers, Ionomers, nylon and polycarbonates. Other par- 
ticularly attractive materials may Include, for example, a potyolefin selected from poly(4-methylpentene-1)(PMP), 

35 4-methytpentene-1 (4-MP-1)/decene-1 copolymer, polybutene-1 (PB), ultra-high molecular weight polyethylene, high 
density polyethylene or combinations thereof. 

[0025] in some Instances, it Is possible that the polymer materials prepared or analyzed in accordance with the 
present invention may be substantially pure; that Is consisting essentially of constituent polymers. However, the present 
invention also lends itself well to the preparation and analysis of polymer materials that include additional ingredients, 
^0 such as additives (e.g., light ortemperature stabilizers, performance enhancers, biocides, fungicides, flame retardants, 
impact modifiers, foaming agents, orthe like) colorants, reinforcements (e.g., fibers, partksles, rovings, mats, foams, 
orthe like, which may be any suitable composition such as cartoon, aramid or othenwise). 

[0026] In this regard, as with other applications discussed herein, it is contemplated that the conditions under which 
the methods of the present invention are employed may be varied in an effort to replicate temperature, time, pressure 

^ or other conditions to which the material material samples may encounter In a commercial or industrial environment. 
[0027] In general, though one aspect of the present invention contemplates rapid formation, synthesis and/or char- 
acterization of individual material samples In Isolation, the method and system of the present invention preferably 
contemplates tomnlng a library of a plurality of same or different materials using rapid-serial synthesis techniques, 
parallel synthesis techniques or a combination thereof. In the formation of libraries in accordance with the present 

50 invention, one or a plurality of ingredients may be selected to form a desired material or may be selected to explore a 
compositional or process parameter range or phase space potentially useful as a desired material. 
[0028] It will be appreciated that materials also contemplate different materials having the seme composition, such 
as isomers, polymorphs, or being selected of different molecular weights, potydispersities, weight distributions, chain 
branching or the like. It will also be appreciated that many parameters can be altered to produce a wide range of 

55 materials, such as the number of different component ingredients, the relative amounts of each component, the co- 
monomer content of a component, the nature and extent of chain branching or the like. The component ingredients 
may be the product of a single reactor or plural reactors (e.g. , a tandem, serial reactor for producing binnodal molecular 
weight distribution polymers). 
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Providing Libraries of Material Samples 

[0029] In general, libraries of material samples maybe provided In a variety of fonms for processing (e.g. , solidification, 
fonnatlon and the Wke) and testing (e.g.» screening, property determination and the like). Samples may be provided as 

5 fluids, solids, partial fluids, gasses, liquids, partial solids or a combination thereof. According to one aspect, each of 
thesaniples of a library is at least partially fluidlc prior to further processing of the samples or may be a liquid suspension 
or solution. According to another aspect, Involving polymer materials, a library of samples may be provided wherein 
each of the samples is at least a partially, If not substantially entirely homogeneous liquid solution that Includes one or 
more polymeric or other materials and a solvent. According to stUi another aspect of the Invention, a llbraiy of samples 

10 may be provided wherein each of the samples is a liquid suspension or solution that includes one or more poiymeric 
or other materials that are supplied at a temperature above the melting point or glass transition temperature. Such 
samples may be heated or otherwise induced to at least partially melt or liquidize or the samples may be at least 
partially liquid at room temperature or other ambient conditions. 

[0030] In a highly prefenred aspect of the invention, the formation of samples contemplates an optional first step of 
'5 fonning a material (e.g., forming a blend of a material, such as by mixing), and a second step of preparing samples 
for analysis from the material. While these steps may be perfonned separately, as will be seen herein, It Is also possible 
to combine them Into a single step. The samples hnay take any suitable fomi for the analysis to be applied to it. Thus, 
the samples may be films, fibers, droplets, rings, plates, rbbons, or the like. Other shapes will be apparent fronh the 
discussion herein. 

20 [0031] Moreover the samples may be fomied in a variety of sizes and weights, though to benefit from and facilitate 
the various advantages of the Invention, It is preferable that the techniques of the present Invention be employed in 
miniature scale, as compared with conventional blend sample preparation and testing techniques. For example samples 
may have thicknesses as low as about 0.1 micron to about 25 mm. Moreover, exemplary ranges of weights for samples 
include ranges of about 1 mbrograni to about 0.5 kilogram, more preferably about 1 mg to about 1 00 mg and even 

25 more preferably about 1 0 mg to about 80 mg. 

[0032] The formation of blend materials thus generally employs one or a combination techniques such as liquid 
blending, melt blending, mixing, or other blending techniques. 

[0033] Libraries of a plurality of sample materials may be formed according to a variety of protocois and may be 
fonned automatically or manually. According to the present Invention, one or more systems, methods or both are used 

30 to assist In dispensing various components for forming libraries of material samples. Though manual or semi-automated 
systems and methods are possible, preferably an automated system or method is employed. A variety of robotic or 
automatic systems are available for automatically or programmably providing predetennined motions for handling, 
contacting, dispensing, or othenwise manipulating materials In solid, fluid, liquid or gas iorm according to a predeter- 
mined protocol. Exemplary robotic systems are commercially available from CAVRO Scientific Instalments (e.g., Model 

35 NO. RSP9652) or BloDot (Mlcrodrop Model 3000). It should be appreciated that, as addressed herein, libraries may 
comprise an array of plural materials on a single substrate, but it Is not limited thereto. For Instance, a library may 
comprise a plurality of materials on different substrates. 

[0034] According to one aspect, for fonning a plurality samples including a polymer, the samples may be provided 
to a substrate by dispensing one or more solvents to various regions of a substrate followed by dispensing one or more 

40 polymeric or other materials to the regions to intemrilx and fomn a library of sample solutions. Preferably, the solvents 
are dispensed as liquids. The polymeric or other materials may be dispensed as solids, liquids or a combination thereof 
and may be dissolved or dispersable (e.g., soluble) in the solvents with or without the use of elevated temperatures. 
According to another aspect, samples may include only one or more polymeric materials, whteh may be dispensed to 
a substrata as solids, liquids or a combination thereof. Thus, It Is possible that a sample Is dispensed as a solid and 

45 then Is rendered in a liquid state. 

[0035] According to another aspect, the present Invention contemplates the use of any suitable technique for mixing 
at least two materials together to form a blend. In one embodiment, In general, two or more materials are provided and 
energy is applied to physically blend the materials together. How the energy Is applied, and any means for minimizing 
the amount of energy necessary will typically vary from application to application. Typically, however, the energy is 

so applied by a mechanical mixing, and more preferably by mixing that imparts shear flow, elongational flow or a combi- 
nation thereof to the mixed materials. Examples of such mixing Include, without limitation, periodic mixing (e.g., by 
rotating or oscillating a mixing arm), forcing the materials through a constricted volume (e.g., between opposing sur- 
faces, such as the nip and roll of a mill, the screw and ban-el of an extruder, a wall defining an orifice or the like), or 
other suitable pressure or force applteatlon. The starting materials may be provided in any suitable fonn. For example, 

55 they may be provided as a block, a plate, a bale, a sheet, a rod, a fiber, a powder, a pellet, af Ine particulate, a granule, 
a solution, a fluid, a melt, an emulsion or dispersion or the like. 

[0036] According to still another aspect, mixing may be assisted or accomplished by one or more wet chemistry 
techniques. For example, the matierials may be mixed in solution, a latex or other dispersion, or another liquid state. 
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In one preferred embodiment, the materials are mixed using art-disclosed co-solvent techniques. Thus, at least one 
of the materials, and preferably all of them, are dissolved in a common solvent with the materials to be mixed. After 
such dissolution (which may be fadlitated optionally at elevated temperature), the solvent is evaporated or othenvise 
removed, with the resulting mixture being cast (e.g., film cast), dried (e.g., by freeze drying, elevated temperature 
5 drying, the use of a desiccant or other drying agent, spray drying, or another suitable drying treatment). Blends may ' 
also be coprecipltated from solution with the addition of an anti-solvent The solid blend may then be separated from 
the liquid medium, such as by decanting the liquid and filtering the solid samples. 

[00371 in another embodiment, it may be possible to fonn an interpenetrating network using suitable art-disclosed 
techniques. For example, a suitable monomer might be employed as a solvent tor another polymer. Polymerization 
10 thus leads to defining the interpenetrating network. 

tO038] Mixing may take place at any suitable temperature. In one aspect of the present invention, In the context of 
a polymer containing material, It is preferred that any mechanical mixing occurs at or above the glass transition tem- 
perature (and more preferably at or above the melting point) of at least one and preferably all of the polymer materials 
being mixed. 

15 [0039] Refenrlng to Figure 1 , there is illustrated one exemplary system 1 00 for dispensing samples, blending materials 
and the like. The system 100 includes one or more sources 102 of material samples, and a dispensing apparatus 104 
(e.g., a Cavro fluid dispensing robot) for transferring the material samples to a suitable substrate 106 or other surface 
or container on or in which the material samples are brought Into contact. By way of illustration, in one embodiment, 
a sample Is provided as a liquid withlr) receptacles 108 (which optionally are Integrated in a single stmcture, such as 

20 a microtiter plate). 

[0040] The dispensing apparatus 104 may be operated manually. Preferably it is automated and Is in controlling 
communication with a computer or other suitable programmable controller, and is directed to aspirate fluids from the 
receptacles 108 in predetermined amounts and then to deliver the fluids to the substrate 106. For example, the dis- 
pensing apparatus will receive Instructions from IM PRESS lONiST^" software, based upon information Inputted by a 

25 user through LIBRARY STUDIOS, where a library is initially designed. 

[0041] Where samples have more than one Ingredient or other components, the components may be mixed before, 
during or after deposition onto the substrate. In this regard, there might be an intermediate stage, substrates or recep- 
tacles employed for mixing, from which mixed component are then dispensed to the substrate 1 06. Further, it Is possible 
that the substrate 1 06 functions as a further processing site, at which solid material samples are fonned, analyzed or 

30 both. 

[0042] In one embodiment of the invention, polymer samples are dissolved in a solvent, for rendering the sample 
and solvent together in a solution. The respective solutions are combined with each other for fomiing a material sample 
Into a common solution. Optionally, before combining, the components (which preferably differ from each other) of 
each of the samples will include a similar solvent relative to the other. Thus, upon combining, the Ingredients share a 

35 single common solvent. Of course, different respective solvents alternatively might be employed. It may also be possible 
that the samples are suspended In a liquid medium, rather than dissolved therein. The present liquid blending tech- 
niques might also be employed in combination with one or a plurality of other blend fonnatlon techniques, such as 
those disclosed herein. Additionally, it is possible that chemical reactions for reactive blending may be employed. Liquid 
blending techniques might also be employed In combination with one or a plurality of other blend or other sample 

40 formation techniques, such as those disclosed herein. Additionally, it is possible that chemical reactions for reactive 
blending or fonnatlon may be employed. 

[0043] Once combined and dispensed on the substrate 1 06, solid blend or other materials can be obtained for anal- 
ysis from the liquids. Some or all of the liquids might also be separately analyzed in the liquid state. In addition to or 
alternatively to the solid state testing. Suitable techniques for obtaining the solids Include evaporation or drying tech- 
4s niques (e.g., freeze drying or the like), precipitation, filtration or the like. 

Miniature Extruder Mixing 

[0044] Turning to FIGS. 2 and 3, there Is illustrated one example of fonning a sample, e.g., a blend that involves the 
50 physical mixing of one, or more preferably at least two materials by the use of a suitable miniaturized mixer. By way 
of example, in one preferred apparatus 200, the miniaturized mixer is a miniature extruder 202, and more preferably 
Is a co-rotatable oroounter-rotatable plural screw extruder, having at least two screws 204 that are housed In a common 
barrel 206. The barrel is preferably a split barret for facilitating cleaning between material sample runs. Optionally, the 
barrel has a recirculation channel 208 defined for transporting material in the barrel 206 from a first region 210 to a 
55 second region 212 for permitting further mixing. A suitable valve 214 may be employed (e.g., between the screws and 
an exit outlet 216) for switching between modes of recirculation only, extruding only or a combination thereof. 
[0045] Though larger systems are possible, the capacity of the screws preferably Is less than about 200 cm^, more 
preferably less than about 75 cm^, still more preferably less than about 25 cm^. even still more preferably less than 
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about 10 cm3, and yet still more preferably on the order of about 5 arfi. The length ("L") of the mixer preferably Is less 
than about 65 cm and more preferably Is less than about 35 cm. In one preferred embodiment, the thread of the screws 
Is shaped to have a generally f rusto-conlcal mixing portion 218. They may be configured othenwlse, as well, such as 
having a substantially cylindrical mixing portion. At least one opening 220 is typically provided at one or more upstream 

5 location for Introducing material to the extruder. 

[0046] The screws are preferably driven by a suitable motor (not shown), and in one embodiment, a suitable controller 
(not shown) or suitable software Is employed for controlling and varying screw rotation speed as desired, e.g., up to 
about 1000 ipm, more preferably up to about 400 rpm and still more preferably up to about 200 rpm. In a particularly 
prefenred embodiment, the screw rotation speed Is controllable by the. user and through Input based upon library or 

10 material sample design criteria that has been Inputted. A suitable axial load measurement device, torque measurement 
device or both can be also employed for providing feedback to the user about processing conditions. Optionally, the 
mixing apparatus also is equipped with a suitable temperature monitoring or control device for adjusting screw tem- 
perature, barrel temperature or both, for assuring (In combination with the heat generated In situ from the shear of 
mixing) molten conditions are met before the material exits the apparatus, 

15 [0047] An example of one suitable miniaturized mixer is that available commerclaliy from OACA Instruments, under 
the designation MICROCOMPOUNDER. It Is also possible to employ an apparatus having a single screw for mixing. 
[0040] in operation, as seen In FIG. 3, material Is introduced into the apparatus through the opening 220. The rotating 
screws 204 mix the material thoroughly and advances the material along the length of the barrel 206. Control over the 
valve 214 will detemnlne whether the material will be permitted to exit through the outiet 216 or be recirculated to an 
• ^ upstream location for further mixing. In this manner, thorough mixing of relatively small amounts of blend ingredients 
can help be assured prior to exiting as a molten material. Upon exiting, the material may be continuously extruded or 
extruded intemnittently. it may also be extruded into a moid cavity for molding of a material sample. An opening 220* 
can be used for devolatillzation of the mixtures, for introducing materials or a combination thereof. 
[0049] It will be appreciated tiiat the materials Introduced Into the apparatus may be In any suitable state, in one 

25 embodiment, the materials are Introduced in a liquid medium (e.g., as a solution, dispersion, suspension, or the iil<e), 
with liquid being removed (e.g., by evaporation or othenwise) during the mixing. In another embodiment, the materials 
are introduced as solid bodies (e.g., as powders, pellets, or the like). Combinations of the above or other techniques 
are also possible. Thus, it Is seen an example of how the above-discussed liquid mixing techniques might aiso be 
employed in combination with the present mixing technique to torn a blend material In accordance w\t\\ the present 

30 invention. 

Milling 

[0050] Materials, and partlculariy blends, may also be fomned according to the present invention by physically mixing 
35 a material, and more preferably at least two materials using a suitable milling operation. In accordance with such milling 
operation, there Is typtcaily provided at least one moving surface and a second opposing surface that Is stationary or 
moving. The opposing surfaces are spaced apart a desired distance so that the moving surface is capable of advancing 
material through an opening defined between the opposing surfaces. The speed of the moving surface, the width ("w") 
of the opening (see, e.g., FiG. 5), or both are variable to assure that suitable pressure can be applied to the materials 
40 to be blended for blending to occur. 

[0051] As an example, FIGS. 4 and 5 show an example of molten mixing invoiving the employment of milling, and 
preferably a calender milling operation. A milling apparatus 300 is employed, and includes one or a plurality of roller 
assemblies 302. Each roller assembly 302 Includes at least one first roller 304 (e.g., a cylinder) that is positioned In 
opposing spaced relation (which spacing may optionally be adjustable) to another suitable stationary or movable work 
45 surface, and preferably an opposing second roller 306. At least the first roller 304 is rotatable relative to the wori( 
surface by a suitable first motor 308. Feed materia! is introduced between the first roller 304 and the work surface and 
a resulting force is applied as the material is advanced through the space. 

[0052] in a particularly prefen'ed embodiment, the first roller 304 is a first cylinder and the opposing work surface is 
the exterior of the second roller 306, preferably a second cylinder. The first and second roller may be the same dlmen- 

so slons orthey may be different. They are both preferably driven by at least one motor, optionally with asultable differential 
torque transmitter. They are Illustrated here as each being driven by their own respective motor, namely the first motor 
308 and the second motor 31 0. In this manner the relative rotational speeds ((o^ , 0)2) of the rollers may be varied as 
desired. Further, the respective rollers (or work surface) are each preferably equipped with an independent or common 
temperature adjuster 312 for pemilttlng the same or different variable temperatures (T^, Tg) between the respective 

55 rollers (or work surface). By controlling the relative speeds and temperatures of the rollers, it is possible to control the 
amount of shear or extensional defonmation in the materials that pass in the space between them, it also advanta- 
geously allows for devolatillzation of the materials. In a highly prefenred embodiment each of the rollers Is divided into 
plural sections for pemiitttng the simultaneous mixing of plural different blends. Thus, this device may be operated In 
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either or both of shear or elongatlonal deformation modes. 

[0053] As with the miniature extruder mixing system, discussed above, It will be again be appreciated that the ma- 
terials Introduced Into the apparatus may ba In any suitable state. In one embodiment, the materials are Introduced in 
a liquid medium (e.g., as a solution, dispersion, suspension, or the like), with liquid being removed (e.g„ by evaporation 

5 or othenwise) during the mixing. For example, for a polymer solution, a robot such as a Cavro robot, under control of 
software, such as IMPRESSION 1ST™, will direct dispensing of the solution onto a roller that Is elevated in temperature, 
sufficient to evaporate the solution and leave a resulting polymer layer or film. In another embodiment, the materials 
are Introduced as solid bodies (e.g., as powders, pellets, or the like). Combinations of the above or other techniques 
are also possible. Of course, the above-discussed liquid mixing techniques might a(so be employed In combination 

10 with the present mixing technique to fomn a nmterlal in accordance with the present Invention. 

[0054] The spacing between the rollers may be varied as desired. In one embodiment the spacing Is less than about 
2 cm, more preferably less than about 1 cm, still more preferably less than about 3 mm, and still more preferably less 
than about 1 nrvn. 

[0055] In yet another embodiment, shown in FIG. 6, It is possible to prepare material samples by varying the surface 
15 topography of a roller surface. For example, one roller (e.g., a third roller) might have a pattern 318 engraved or 
othenwlse defined on It for molding, cutting, embossing or othenwlse achieving a desired Individual material sample 
shape. For instance the pattem can be fomied In a roller surface having one or more suitable depths (e.g., on the order 
of millimeters, and preferably less than about 1 0 millimeters, more preferably less than about 3 millimeters and possibly 
less than 0.1 millimeters). The pattern might be circular, annular, polygonal, or a combination thereof. Likewise, It might 
20 take the form of a suitable shape for the desired test to be perfonned, e.g. , the shape of a tensile bar or other suitable 
mechanical test piece 320, elllpttoal ring, plate, or the like. As apparent from FIG. 6, a combination of different shapes 
could be defined on one or more rollers, to pemnit a plurality of different material sample shapes to be fomied from a 
single material sample batch. 

[0056] The skilled artisan will appreciate that the present mixing techniques also may be combined in simultaneous 
25 or consecutive relation to each other. Thus, for example, it might be possible to extrude a material sample onto one of 
the rollers for further mixing or for fomilng a desired material sample shape. 

[0057] Further, as Indicated above, while FIGS. 4 and 5 illustrate the general concept of using two opposing rolls, It 
may be possible to omit one of the rolls In favor of a stationary surface spaced opposite the outer surface of the 
remaining roll. Or. It might be possible to Include one or more additional upstream or downstream rolls. 

30 

Compression Preparation 

[0058] In FIGS. 7 and 8 there are illustrated yet other examples of an apparatus 400 (400') for pr^aring material 
samples (blends or other materials) by the application of a force. In this example, the materials are provided In wells 

35 402 (402') of a suitable substrate 404 (404'). As seen in FIG, 9A. the wells may have a fixed wall 406, or the wells may 
be through-holes (e.g., bores through a block) with a separable wall. A piston or like member having a face is Inserted 
into a well and pressure is applied to compress the materials to be mixed or substantially prepared. It Is also possible 
that two or more pistons are brought into opposing relationship with each other with material disposed between them. 
The application of pressure thus results In thefonnation of disc-like material sannples. Of course, the above Is illustrated 

40 by reference to the use of cylindrical wells and pistons, but the shape may vary as desired depending upon the resulting 
desired material sample shape. For example, the shape may be polygonal, elliptical, oval, or the like, and the piston 
or opposing surface may be configured for achieving cutouts (e.g., through holes) within the material sample. Moreover, 
samples may be compressed Into engraved cutouts in portions of the substrates. Generally, this method is useful 
primarily for sample preparation. However, some mixing may result from use, and may advantageously facilitate the 

45 fonnatlori of blend materials. 

Rotary Mixing 

[0059] Other approaches to mixing blends or other materials, such as rotary mixing may be employed In addition to 
50 (e.g., with liquid blending techniques) or alternatively to the above. In general, these will be selected from rotary mixing 
in the presence of a solvent or the substantial absence of a solvent, or a combination thereof. Referring to FIG. 9, 
under any of the approaches, typically a rotor shaft 500 Is driven manually or by a suitable motor. Along the shaft there 
will be a projection 502, such as a blade, an anm or the like, whteh rotates with the shaft and which will contact the 
material to be mixed for relatively high-torque stinlng. 
55 [0060] The rotor shaft Is placed relative to the material to be blended so that the projection 502 contacts the material. 
To assist in this, preferably the material Is provided on a suitable surface or In a suitable receptacle or container. By 
way of example, In FIG. 10, there is shown a vial 504 for holding the material. In one particularly advantageous em- 
bodiment, a material sample Is obtained from a suitable reactor, such as Parallel Polymerization ReactorTf^, disclosed 



9 



BNSOOCID: <EP ^131B408A2J.9 



BNS page 9 



EP 1318 408 A2 



In Serial No 09/826,606, incorporated by reference. The material sample may be dispersed with or without a solvent. 
[0061] Of course, the above is not Intended as limiting. Other mixing techniques may be employed in like manner. 
For example, in another embodiment, a magnetic stirrer may employed In lieu of or in addition to the rotor shaft. Beads, 
pellets or the lil<e might also be included In the mixture to increase the mixing shear, elongation or both per unit volume. 
5 [0062] Though not necessary in every Instance, rotary mixing In the presence of a solvent will typically also Include 
a step of solvent removal. For example, before, during or after mixing, the soh^ent will be evaporated (e.g., by allowing 
to sit, by heating, by drying, by applying vacuum, or the like). 

[0063] Whether rotary mixing is In the presence of a solvent or not, the material to be mixed may also be subject to 

themal treatment (e.g., heating, cooling or a combination) to assist in the mixing process. For example, each of the 
10 material samples may be Individually supported In a substrate having control over temperature for the entire substrate, 
or for only" portions thereof. Of course, any suitable substrate may be employed, 

[0064] \r\ one embodiment, ae seen In FiG. 1 1 , a common manifold 51 0 holds a plurality of rotor shafts 500 . In another, 
the rotor shafts are supported separately. In another embodiment, each rotor shaft Is driven by its own motor. In yet 
another embodiment, plural shafts are driven by the same motor. A single shaft driven by a single motor may also be 
IS employed tor high throughput mixing of plural material samples. In the above manner, it can be seen how the present 
Invention advantageously can be employed in parallel fonnats as well as rapid-serial fonnnats. 

MIcrocentrlfugatlon 

20 [0OS5] Turning to FIGS. 1 2 and 1 3, there Is shown yet another approach to preparing samples (whether blends or 
not) in accordance with the present Invention, by the use of an illustrative microcentrifugatlon technique. This approach 
has the advantage that a plurality of material samples may be fomned at the same time and the material samples will 
be generally near net or final shape for the desired test to be perfomned. Generally, this technique Is useful primarily 
for sample preparation. However, some mixing may result from its use. 
25 [0066] More specifically, a tool 550 having a longftudlnal axis is provided with a first end 562 and a second end 554 . 
The first end has suitable fittings for pemnltting It to be attached to a rotor of a suitable motor for rotation about the 
longitudinal axis. The second end optionally has an opening 656 defined therein for pemnitting access to the Interior 
of the tool and optionally the flow of fluids therethrough (e.g., for drawing or removing solvents or gasses along the 
axis). In one embodiment, the opening extends from the second end toward the first end, and more preferably extends 
30 substantially the entire length of the tool within which material samples are to be prepared. The opening is defined for 
allowing fluid flow therethrough, and preferably over substantially the entire length of the tool within which material 
samples are to be prepared. Advantageously, It Is also configured for pemiitting passage of a dispenser 560 (e.g., 
associated with a robot ami) therethrough, for enabling introduction of fluids to the interior of the tool. 
[0067] The tool has an Interior wall surface 564 configured for defining one or a plurality of axial separated radial 
35 wells 566. In the embodiment shown for example, the wells have generally orthogonally disposed walls 568 relative 
to an inner wall 570. However, other topographies are also possible. For making the tool In accordance with FIGS. 12 
and 13, it is therefore possible to stack a plurality of first washers 574 of different Inner diameter relative to a plurality 
If interspersed second washers 576. Additional washers of other diameters or thicknesses (i.e. , the longitudinal dimen- 
sion) may also be used, in one preferred embodiment, the washers are Teflon spacers. Examples of preferred thick- 
40 nesses range from about 0.1 mm to about 10 cm and more preferably about 1 to about 10 mm, with inner diameters 
ranging from about 1 mm to about 50 mm, and more preferably about 5 mm to about 25 mm. The ratio of thickness to 
diameter may vary as well, e.g., from about 0.1 :50 to about 1 00:1 ; and more preferably from about 1 :25 to about 2:1 . 
Other ratios may also be employed within the scope of the Invention. 

[0068] The first and second washers are assembled with a suitable holder. For example, a first end plate 580 is 
45 connected with a second end plate 582, such as with bars, rods, wires, threaded fastener 584 or the like. Upon tightening 
the fasteners, the washers are brought together, for instance, in contact with each other. 

[0069] The washers may be coated or otherwise surface treated. An intemnedlate layer, such as a paper, foil, film, 
a grease, oil or the like may also be employed between washers for facilitating washer separation and material sample 
removal. 

so [0070] In accordance with the above, polymer In a fluid state (e.g., molten, dissolved or the like) Is Introduced into 
the opening 556 and dispensed into the respective radial wells 566. The tool is rotated about its longitudinal axis for 
effectively centrifuging the material in the wells, for fomning samples and for possibly having the effect of mixing the 
materials therein, Devolatillzatlon may occur through the opening 556 or through optional radial passageways 690. 
Resulting material samples are generally ring-shaped, but can be varied by varying the axis of tool rotation, the topog- 

55 raphy of the tool Interior, or the like. 

[0071 ] it will be appreciated that modifications to the above may also be made to render the tool suitable for ortjital 
or other forms of rotation. 

[0072] Optionally, the tool 550 Is enveloped partially or In whole in a suitable themnal jacket 592 (schematteally shown 
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with dashed lines) or other structure for Insulating, heating or cooling the tool 550. The tool 550 niay also be enclosed 
In achamber In which the pressure can be reduced by applying a vacuum, such as for speeding the removal of solvents. 
The thermal Jacket may be used for any of a nunnber of functions, such as controlling trigger temperatures for crosslink- 
ing. 

s 

Molding 

[0073] Another approach to the preparation of material samples involves the molding of materials, whether blended 
or not. As with other processes disclosed elsewhere herein, this process can be employed with dissolved polymers, 
10 molten polymers, or a combination thereof. 

[0074] In one embodiment, a substrate with wells Is provided. The materials, either alone, or mixed together in an 
upstream mixing, are dispensed in a fiuid state to the wells. Upon cooling, evaporation or othenivlse solidifying the 
mixture of materials, the resulting blend assumes generally the fomn of the wells, the walls of the wells having effectively 
functioned as a mold wail. 

15 [0075] The substrate of this embodiment may have a fixed bottom surface, or no bottom surface. In the event of the 
tatter, during molding, a separate base surface is provided onto whtoh the fluidic material can rest upon dispensing. 
[0076] Optionally a top plate may be provided for applying pressure to or otherwise confining the material as it so- 
lidifies. Though the top plate may be relatively smooth or flat, advantageously it may contain one or more projections 
for mating disposition relative to th e wel Is . The projections effectively function as plungers for compress! ng the material 

20 in the wells. The top plate and the underlying substrates may be suitably attached to each other, e.g., by fastening with 
a fastener or some other attachment for pemr^ltting clamping. 

[0077] Turning now to FIG. 14, another molding approach is illustrated. In th^s example, a mold Is defined by at least 
two opposing ntold portions 620 (optionally with embedded heaters, coolers and temperature controller), having the 
desired article configuration defined therein. Preferably} the mold portions are placed Joined together to define an inlet 
25 622 for receiving the material to be molded. Optionally, the mold portions are placed Into a further receptacle, such as 
a vial 626, (e.g., a vial employed in a polymerization process, such as that of U.S. Application Serial No 09/826,608, 
incorporated by reference) and material to be molded is introduced within the mold cavity. 

[0078] One partlculariy prefen-ed approach, illustrated in FIG, 1 4 involves placement of the mold portions in contact 
with a plastic material (e.g.. one that has been blended already, a mixture of materials for blending, or an unblended 

30 material). The plastk: material is heated to a temperature greater than its melting point. The fluid material then enters 
the mold cavity. Upon cooling It can be removed from the mold. In this approach, the mold portions may themselves 
be heated, the entire system may be subjected to heat, or a combination thereof. Further, a pressure may be applied 
for causing the mold to itself enter the mass of molten plastic material thereby introducing material Into the mold, the 
weight of the mold Itself may cause such entry, an external force (e.g., a plunger or a suctton) may be applied for 

35 causing material to enter the mold, or a combination thereof. 

[0079] Molding may be accomplished using any other art-disclosed molding technique. Additionally, bulk shapes can 
be molded using art-disclosed techniques and then machined or othenvise processed to the final desired shape. 

Substrates 

40 

[0080] Libraries of samples may be, but are not necessarily, supported by one or more substrates. Depending upon 
the purpose of the samples, it may be advantageous In certain instances to provide samples without one or more 
common substrate while, in other Instances, it may be advantageous to support the samples upon one or more common 
substrates. When used, the substrate onto which the ingredients are dispensed may be any suitable substrate. Sub- 

45 strates suitable for the present invention may include a plurality of wells. The wells may be fomned In variety of shapes 
and configurations. Wells may generally be, without limitation, square, rectangular, cylindrical, straight, angular, curved, 
deep, of any depth or any other shape or size. Wells may be defined by walls of a member or substrate Into which the 
wells extend. Altematively, a member or substrate may have raised portions to define wells. Moreover, wells may be 
defined within a single continuous portion of a substrate or the substrate may comprise more than one portion or 

so member that come together as an assembly to form the wells. A substrate nriay also be comprised of vials, glass tubes 
or other containers that have wells and can be supported by a vial rack or other suitable support member. In one 
preferred embodiment, the substrate is a plural well microttter plate (e.g.. having 96 wells, with less than about 5 ml/ 
well volume). 

[0081] In one approach, the substrates may be suitable for supporting a sample or library of samples provided or 
55 formed by spray drying. For example, components of polymer blends (e.g., polymers, solvents and the like) may be 
emitted through one or more spray-drying nozzles and optionally through a physical mask and onto a substrate. Com- 
ponents may be emitted in solid, liquid and/or gas form. Optionally, the samples formed by spraying may be further 
processed by drying or annealing in a vacuum furnace and may be further shaped by pressing or trimming. 
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[0082] According to one aspect, one or more substrates may be formed wfth a member having through-holes ex- 
tending through the member. Typically the through-holes will have at least two ends each with an opening. The tiirough- 
holes may be defined by walls of the member and the walls may be configured to form, cast or mold samples Into a 
desired shape or configuration . Additionally, a removable backing member may be provided that is suitable for covering 
5 one of the openings of the through-holes such that the walls of the through-holes together with the backing can form 
welts. 

[0083] Referring to Figures 17(a) - 19(b) (where like reference numerals refer to like parts), for Instance, there are 
illustrated embodiments of substrates suitable for receiving components for fomning material sample libraries, A sub- 
strate 800. 802, 804 includes a first member 810, whfch Is a block, but which, may be fomied In any configuration such 

10 as a cylinder, a cone or the like. The member 810 includes a plurality (e.g., 96) of through- holes 812 extending through 
the member 81 0. The through-holes 81 2 shown are generally cylindrical although they may be In a variety of shapes 
or configurations. Preferably, the through-holes 812 will have at least two ends each with an opening defined In one 
or more surfaces of the member 81 0. The member 810 may be formed of a variety of materials such as polytetrafluor- 
oethylene (PTFE) (e.g., TEFLON®) or any other suitable materials. 

15 [0084] The substrate BOO, 802, 804 may also include a backing member such as a plate 820 that may engage (e. 
g., abuttlngly contact) the member 810. The plate 820 may be configured to engage the member 810 so as to cover 
an opening of each of the through-holes 81 2 of the member 81 0 thereby fonning the through-holes 81 2 into wells . The 
plate 820 may be attached to the member 810 with fasteners (not shown) such as screws, clamps, nut and bolt as- 
semblies and the Hke or with adheslves or any other attachment mechanism. Preferably, the attachment mechanism 

20 is iBleasable such that the plate 820 may be removed from the member 810 as needed or desired. Additionally the 
plate 820 may be f omied of a variety of materials such as a polylmlde (e.g., KAPTONO) or any other suitable materials 
or may be coated with a film of polylmlde or another suitable material. 

[0085] Each of the substrates 810, 812, 814 also Include a system 830, 832, 834 for fomnlng a substantially fluid or 
liquid tight seal between the through-holes 812 or wells of the substrates 810, 812, 814. In Figures 17(a) and 17(b), 

25 the system 830 Is comprised of gasket 840 (e.g f onned of an elastomer) that includes through-holes 842 corresponding 
to ttie through-holes 812 of the member 81 0 such that the through-holes 842 of the gasket 840 align with the through- 
holes 812 of the member 810 when the gasket 840 is sandwiched between the member 810 and the plate 820. In 
Figures 1 8(a) and 1 8(b), the system 832 Is comprised of a plurality (e.g., 96) of O-rings 860 (e.g., formed of an elastomer 
or other plastic) that are configured to at least partially resWe In channels 852 that extend about openings of the through- 

30 holes 812 of the member 81 0 when the 0-rings 850 are sandwiched between the member 810 and the plate 820. In 
Rgures 19(a) and 19(b), the system 834 is comprised of pointed edges 860 sun-oundlng .an opening of the through- 
holes 812 of the member 810 wherein the edges 860 are configured to contact the plate 820 when the plate 820 is 
attached to the member 81 0 thereby fomiing a seal about one of the openings of the through-holes 81 2 of the member 
810, 

35 [0086] Preferably, the member 81 0, the plate 820 and the systems 830. 832, 834 are formed of materials that are 
substantially inert with respect to any components or samples that contact those port:Ion of the substrates 800, 802, 804. 
[0087] It shall be appreciated that, although the above substrates 800, 802, 804, includes generally cylindrical 
through-holes 81 2 forfonDing substrates with generally cylindrical wells, substrates may be fonned with wells of most 
any configuration. Preferably, each of the wells is or Includes a cast portion for assisting in the fonriation and/or solid- 

40 jfication of solid materials. A cast portion, as used herein, refers to any open space defined by one or more walls 
wherein the space is suitable for receh^lng a nf^terial sample and the one or more walls are suitable for supporting the 
material sample as the sample is solidified to a predetermined configuration that is at least partially defined by the one 
or more walls. Cast portions for the substrates 800, 802, 804 of Figures 17(a) - 19(b) may be any portion of the wells 
of those substrates 800. 802, 804 that receive materia! samples and those portion may form generally cylindrical sam- 

45 pies since the wells are almost entirely cylindrical. It Is contemplated, however, that cast portions, wells or both may 
be formed in a variety of configurations and shapes and cast portion. Examples of potential shapes of cast portions or 
wells Include trapezoids, blocks, rings, cubes, cylinders, spheres, hemispheres, polyhedrons, prisms, pyramids, dog 
bone shaped or any other conceivable shape. Cast portions and there uses are further discussed below in sections 
titled "Material Sample Solidification" and "Materials Characterization". 

50 

Material Sample Solldlfteation 

[0088] The present invention contemplates the use of various suitable techniques for solidifying at least partially 
fluidlc material samples that may be supported by substrates. Generally, samples may be solidified by evaporating 
55 solvents from the samples, artificially cooling or allowing natural cooling of samples, drying samples, chemteally or 
otherwise reacting samples or a combination thereof. Alternatively, other solidiffeation techniques may be used as well. 
[0089] To assist Is solidification, the samples may be exposed to various stimuli such as force, pressure, vacuum 
conditions, elevated temperatures (e.g., heating), lowered temperatures (e.g., cooling) and the like. Force, pressure 
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or vacuum conditions may be applied by Increasing gas pressure about the samples to above atmospheric pressure 
or by lowering gas pressure about the samples to below atmospheric pressure. Aitematively, force or pressure may 
be applied to the samples by rotating the samples with a rotation apparatus (e.g. a centrifuge) or other apparatus to 
provide centrifugal or centripedal force or pressure to the samples. According to one aspect of the invention, though 

5 contact pressure might be employed, preferably pressure is applied to at least one surface of a sample without con- 
tacting that surface with another solid structure. For example, this might be accomplished by applying gas pressure to 
the surface, applying centrifugal force or pressure to the surface and the like. Simultaneously therewith, it is possible 
that heat may be applied to the sample for causing evaporation of the solvent, or rendering the sample less viscous. 
Assuming that surface bubbling orfoaming is undestred In the final sample, preferably the non-contact pressure source 

10 is sufficiently controlled for bursting any bubbles that may form at or near the surface and for rendering the surface 
substantially snrvooth. This may be done for instance by the pressure choice for the non-contact pressure, the duration 
of any pressure pulse employed, the frequency of any pressure pulse employed, the temperature of any gas directed 
at the surface, or in another suitable manner. 

[0090] Temperatures of samples may be controlled according to any of a variety of methods. As an example, gas 
15 (e.g., air) surrounding a substrate of samples may be elevated or lowered to adjust temperature of the sample. As 
another example, the temperature of a substrate or an individual region thereof may be controlled for affecting the 
tennperature of the samples supported by that substrate. Exemplary heating devices for raising or lowering the tem- 
peratures of samples include heating elements, infrared (IR) lamps, themnoelectrtc elements, refrigeration systenris 
and the like. 

20 [0091] With reference to Figure 20, there is Illustrated an exemplary system 900 for solidifying libraries of material 
samples. The system 900 includes a centrifuge 902 that rotates about a central axis 904. The system may be enclosed 
in a chamber 91 0 as Indicated by the dashed line about the centrifuge 902. The centrifuge 902 may be parilally, sub- 
stantially or entirety enclosed within the chamber 910. 

[0092] It is contemplated that the system 900 may have the ability to elevate or lower the temperature Inside the 
25 chamber 91 0. Moreover, the system 900 may have the ability to f omi a partial of full vacuum within the chamber 91 0. 
Thus, the system 900 may have the ability to expose samples placed within the chamber 91 0 to higher or lower tem- 
peratures and to vacuum conditions. 

[0093] An exemplary chamber/centrifuge system Is the HT-1 2 Series II evacuated centrifuge from Gene-Vac Tech- 
nologies, Great Britain. Although systems having a centrifuge within a chamber may be known, the system 900 of 

30 Figure 20 has been adapted to process one or more entire libraries of samples. More specifically, the system 900 may 
Include one, two, three, four or more locations 920 suitable for receiving several samples or libraries of samples. 
Preferably, libraries of samples are supporiied upon one or more substrates and each of the substrates can be suitably 
secured at the one or more locations 920. The locations 920 may be connprlsed of a cavity or recess fonned in the 
centrifuge 902 or such cavity or recess may be fonned within a member that Is attached to the centrifuge 902. Moreover, 

35 the cavity or recess may be shaped to matingiy r^eceive one or more substrates. Additionally, fasteners (not shown) 
such as clamps, bolts, hook and loop fasteners or the tike may used to assist in securing substrates at the locations 
920. 

[0094] In operation, the system 900 maybe used to expose the samples to various stimuli to assist in the soHditication 
of the samples, in partteular, one or more substrates supporting libraries of at least partially fluidic (e.g., liquid) material 
40 samples may be positioned, secured or both upon the centrifuge 902. Thereafter, the centrifuge 902 may be rotated 
at a desired rate to assist in the solidification of the samples to a desired configuration. Preferably, the samples solidify 
upon a plate or other member such as the backing plates 820 of the substrates 800, 802, 804 shown in Rgures 1 7(a) 
- 1 9(b) thus allowing the plates 820 and samples to be removed from the remaining portions of the substrates 800, 
802, 804. 

45 [0095] To assist in removing the samples without disturbing the shape or configuration of the samples, a suitable 
mold release agent may be employed. Alternatively, where there are known to be differences in the themnal expansion 
coefficients of the substrate relative to the sample, heating or cooling of the sample, substrate or both may be done. 
For example, the substrate, sample or both may be exposed to a fluid such as liquid nitrogen for lowering the temper- 
ature of the samples prior to removal. 

50 [0096] The rotation of the centrifuge 902 may assist the formation of the samples In a variety of ways. For example, - 
and without limitation, the rotation of the centrifuge 902 may apply a centrifugal force or pressure to .the samples as 
any solvent that may be In the samples is evaporated. Such pressure can assist the samples in resisting any foaming 
during evaporation of the solvents thereby assisting in solidifying the samples to have a substantially unifomi internal 
consistency. Additionally, such pressure may be applied while leaving one exposed surface of each sample for allowing 

55 solvent to evaporate away while still allowing that exposed suriace to be relatively smooth when the sample solidifies. 
Moreover, applying force or pressure with a rotating apparatus that rotates at a consistent speed can assist in proylding 
a consistent stress/strain history for each of the samples of the substrate as they solidify. Thus, comparisons between 
the samples in later materials testing situations may be more rrieaningful since any differences detected between the 
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samples are less likely to be due to differences caused by the solidification of the samples and are more likely to be 
due to differences in characteristics of the samples that are being tested. 

[0097] The system 900 may a!so be used to expose the sample to other stimuli such as vacuum conditions and 
elevated temperatures for evaporating solvents. The system may also expose the samples to lowered temperatures 
5 for bringing the temperatures of samples below their melting points for solidifying the samples regardless of whether 
the sanples include solvents. As an example, the chamber 910 may be closed to Isolate the material samples from 
the environment surrounding the chamber 910. Then, before, during or after rotation of the samples, partial vacuum 
conditions and elevated or lowered temperatures may be Induced within the chamber 91 0 to expose the samples of 
the libraries to such stimuli. 

10 [0098] Advantageously, a rotatable apparatus (e.g., a centrifuge) of the Invention may be configured to apply pressure 
or force to a liquid or fluid sample to assist in positioning the sample in the previously discussed cast pordons of the 
wells of the substrates. With reference to Figure 20, substrates may be adjustably positioned at a greater or lesser 
angle with respect to the central axis 904 of the centrifuge 902 such that the material samples can solidify within the 
predetermined cast portions of the wells such that the cast portions assist in defining the samples Into desired config- 

15 urations. For example, a substrate such as the substrate 800 of Figures 17(a) - 17(b) might be positioned upon the 
centrifuge at a predetemlned angle with respect to the central axis 904 such that the centrifuge 902 may be rotated 
at a predetennlned rate that results in the formation of material samples that are substantially cylindrical. 
[0099] For material samples that solidify by evaporating solvents, It may be desirable to fomn the samples In stages. 
Depending upon the desired thickness of the samples, a portion of several samples may dispensed and solidified as 

20 described herein followed by dispensing and solidifying secondary portions of the samples until the samples are fomned 
to a desired thickness. 

[0100] In preferred embodiments. It Is contemplated that Individual samples or a substrate supporting a library of 
samples may be rotatable about two or more axes during solidification of the samples. Refening to Figure 21, an 
exemplary sample 1000 of a library of samples Is supported by a substrate 1002. The sample 1000 may be rotated 

25 about a central axis 1010 by a rotating apparatus (e.g., a centrifuge). Moreover, the substrate 1002 may be attached 
to the rotating apparatus with a pin or other fastener that allows rotation such that, as the sample Is rotated about the 
central axis 1 01 0. the substrate 1 002 the sample 1000 or both may be allowed to rotate about a secondary axis 1 014 
generally perpendicular to the central axis 1010. Preferably, the secondary axis 1014 Is located between the sample 
1 000 and the central axis 1 01 0 as the sample is solidified. 

30 [0101] During rotation of the sample 1000, centripedal force, centrifugal force, gravitational force or a combination 
thereof act on the sample 1000 to fomn a resultant force or pressure 1 01 8 on the sample 1000 wherein the resultant 
force or pressure 1018 acts in a direction that Is typically non-parallel or skew to the central axis 1010. Because the 
sample 1000, substrate 1002 or both are generally free to rotate.about the secondary axis 1014, the sample 1000 
tends to flow Into a cast portion 1022 of a well 1020 such that an exposed surface 1023 of the sample 1000 fonns a 

35 plane, and the normal to this plane is generally given the resultant force 1018 acting on the sampie 1 000. Moreover, 
the sample 1 000 Is allowed to solidify as defined by the cast portion 1 022 and, if desired, the cast portion 1 022 may 
be configured for forming a substantially symmetrteal sample 1 000 (e.g. , cylindrical or symmetrical about a central axis 
1024). 

[0102] It Is contemplated that providing libraries of at least partially fluldic samples may Include Initially providing the 
40 samples in solid form followed by melting the samples and then resolidifying the samples. For example, and with 
reference to Rgure 20, samples may be provided In wells of substrates as solids and the substrates may be secured 
upon the centrifuge 902. The temperature within the chamber 910 may be elevated to liquefy the samples before or 
during the rotation of the centrifuge. As the samples liquify, they may assume the predetemnined configuration of the 
cast portions of the wells of the substrate. Then, the temperature within the chamber 910 may be lowered to solidify 
45 the samples into the predetenmlned configuration. 

[0103] In other alternative embodiments, the substrate itself may be configured as trapezoidal or conical in shape 
to correspond to the spinning of the centrifuge. Referring to Figure 22, there Is illustrated a substrate 1100 having a 
generally trapezoidal member 1102 positioned on a generally curved removable backing plate 1104 (e.g., made at 
least partially of a plastte, such as a polylmlde). The trapezoidal member 1102 (e.g., made at least partially of PTFE) 
so includes a plurality of through-holes 1110 extending from openings 1112 in a generally flat surface 1114 of the member 
1102 to openings (not shown) in a curved surface (not shown) of the member 1102 wherein the through-holes fomn 
wells when the backing plate 1104 covers the openings in the bottom of the cone-shaped member 1102. Preferably, 
the backing plate 1 104 Is curved to co^espond to and fit flush against the curved surface of the trapezoidal member 
1102. 

55 [0104] In operation, material samples or components of material samples may be dispensed through the openings 
1112 In the surface 1114 of the cone-shaped member 1102. Thereafter, the substrate 1100 may be attached to and 
rotated by a centrifuge system to solidify the samples substantially as described below. Preferably, the samples are 
formed or solidified upon the plate 11 04 such that the plate 11 04 and the samples maybe removed from the trapezoidal 
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member 1 1 02. In a highly preferred embodiment, the through-holes 1 11 0 of the trapezoidal member 1 1 02 are disposed ' 
at angles relative to the plate 1104 such tliat the force (e.g., the combination of centrifugal and gravitational forces) 
placed on the samples during rotation Is nonmal to a surface of the plate 1104 on which the samples solidify. In still 
another highly preferred embodiment, the con^esponding curvature of the surface of the trapezoidal member 1 1 02 and 
5 the curvature of the bacldng plate 1 1 04 are also configured relative to the axis of the centrifuge such that the force (e. 
g., the combination of centrifugal and gravitational forces) placed ontiie samples during rotation is normal to a surface 
of the plate 1104 on which the samples solidify. 

[0105] In still other alternative embodiments, material samples may be extruded. For example, a rotatable system 
may Include holes, which act as dies. Accordingly, samples may be positioned such that the centrifugal force of the 
10 rotatable system urges the material samples into or through the dies In a partially fluidic state (e.g., as polymer melts 
or viscoelastic polymers) and, In turn, the samples are shaped into a desired predetemilned configuration . 
[0106] Depending on the intended purpose (e.g., material characterization or testing) of the materials samples, cast 
portions of wells in substrates may fomn samples according to a variety of configurations or shapes. With reference to 
Figure 23, there is illustrated a substrate 1 200 with a blocl< 1 202 and a backing plate 1 204. The bloci^ 1 202 Includes 
15 a through-hole 1 21 0 that Is generally annular in shape for forming a well with the bacl<ing plate 1 204 when the backing 
plate 1204 is used to cover an opening 1214 at an end of the through-hole 610. The well includes a casting portion 
1216 appropriate for casting a ring or annular shaped sample 1212 as shown in Figure 23(a). In the emtx)diment of 
Figure 23, the casting portion 616 nr^y extend along the through -hole 1210 as far as needed or desired depending 
upon the desired thickness of the sample 1212. 
20 [0107] With reference to Figure 24, there is illustrated another substrate 1 230 with a block 1 232 and a backing plate 
1234. The block 1232 includes a through-hole 1240 that opens Into a mold portion 1242. The mold portion 1242 is 
comprised of two cavities 1 246, 1248, one that extends into the block 1 232 and one that extends Into the backing plate 
1234. When the plate 1234 Is secured to the block 1232, the cavities 1246. 1248 cooperatively fomn the mold portion 
1242 Into a dumbbell shape (I.e.. with a thinner portion between two thicker portions) for fonnkig dumbbell shaped 
25 sample 1250 as shown in Figure 24(a). 

[0108] it should be appreciated from the foregoing that material samples may be formed or solidified in any desired 
shape by fomnlng a cast portion defined by walls that correspond to the desired shape. Thus, it Is possible according 
to the present Invention to fomi material samples as trapezoids, blocks, rings, cubes, cylinders, spheres, hemispheres, 
polyhedrons, prisms, pyramids, dog bone shaped or other geometric or irregular shapes. Moreover, any number of 
30 wells or cast portions may be fomied in a substrate for producing a desired number of samples. 

Film Preparation 

[0109] Material samples may also be provided according to the present invention by dispensing material samples 

35 onto a flexible substrate (e.g., a webbing) to form films. Accordingly, a suitable flexible film Is provided for receiving 
and supporting a plurality of samples. Preferably the plurality of material samples is provided in a fluidic state (e.g., as 
a liquid). Thereafter, the plurality of samples is dispensed upon the webbing and Is solidified to fonri films. 
[0110] The samples may be dispensed to the webbing in a variety of manners. Samples may be dripped, squirted, 
coated, extruded or the like onto the webbing. According to one embodiment, the samples are dripped from a syringe, 

40 capillary or like dispenser using an automatic system (e.g., a robot or like system) onto various regions of the webbing. 
For dispensing onto various regions, the dispenser may be moved relative to the webbing, the webbing may be moved 
relative to the dispenser or a combination thereof. The samples that are dispensed may be physically separate or a 
flow of sample materials may be established wherein a sample variable (e.g., composition, density or the like) of the 
flow varies with respect to time such that a substantially continuous film of varying samples is fonmed on the webbing. 

^ [Oil 1] if needed, the samples may be fomied or shaped to fomi films after they have been dispensed upon the 
webbing. For example various tools such as blades, edged tools, casting tools and the like may be used to shape 
samples after they are dispensed. Prefers^ly, any tools used for shaping of samples are clean prior to contacting the 
samples. Accordingly, a tool may be washed after It shapes each sample, a different tool may be used for each sample 
or a tool may Include multiple shaping portions, each for contacting a separate sample. 

so [0112] Solidification of the samples may be accomplished according to various techniques such as precipitation, 
temperature change, solvent evaporation, humidity, Immersion in a non-solvent, drying and the like. Once fomied, the 
films of material samples may remalri on the webbing for furthertesting or screening orthe films maybe removed from 
the webbing. 

[0113] Refen-ing to Figures 25(a) and 25(b), there Is Illustrated a plurality of substantially liquid material samples 
55 1300, which have been dispensed upon a webbing 1302. After dispensing, as shown in Figure 25(a), the samples 
1300 have generally curved upper surfaces 1304. Therefore, a tool 1308 having multiple edged protrusions 1310 is 
translated relative to the webbing 1 302 and the samples 1 300 such that an edge of each of the edged protrusions 1310 
contacts and flattens the upper surfaces 1 304 of the samples 1 300 thereby fomnlng films. 
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[0114] Referring to Figure 26, there Is Illustrated a system 1 330 for forming material samples 1300 Into films followed 
by processing and characterizing the material samples 1300. The system 1330 Inciudes a pair of spaced apart rollers 
1336 and a webbing 1338 wherein the webbing 1338 is translatable between the rollers 1336 by rolling the webbing 
1338 onto one of the rollers 1 336 while simultaneously rolling the webbing 1 338 off the other roller 1 336. As the webbing 

5 1 338 translates between the rollers 1 336, a capillary tube 1 344 dispenses the material samples 1 300 onto the webbing 
1 338. Thereafter, the webbing 1 336 translates the samples 1 300 past an edged tool 1348, which flattens the samples 
1300 into films. As the webbing 1338 continues to translate, the material samples 1300 may be passed through a 
processing station, a characterization station or both. In the processing station, the sample materials 1300 may be 
processed according to any variety of steps such as shaping, coating, curing and the Wke, According to one prefen-ed 

10 embodiment, the sample materials 1300 are solidified in the processing station according to one of the techniques 
mentioned above. In the characterization station, the samples 1300 may be tested or screened for any number of 
properties. Such characterization techniques are further described below. 

[0115] Without limitation, samples of various different commercially useful products may be fonned as films and 
characterized according to the present invention. Examples include membranes, patnts» various coatings, adhesives 
15 and the like. 

Materials Characterization 

[0116] For materials characterization, the samples may be formed in a variety of sizes and weights. For example, 
20 samples may have thicknesses as low as about 0.1 micron to about 25 mm. Moreover, exemplary ranges of weights 
for samples Include ranges of about 1 microgram to about 0.6 kilogram or about 1 mg to about 100 mg or about 10 
mgto about 80 mg. 

[01 1 7] Materials in accordance with the present invention can be analyzed for any of a number of its characte ristlcs, 
including for Instance chemical composition, morphology, physteaf property, decomposition, turbidity or other property 
25 of Interest. 

[0118] The libraries of material in accordance with the present invention lend themselves to any of a number of art- 
disclosed characterization techniques Including but not limited to those employing beam radiation analysis, such as x- 
ray diffraction, high-throughput x-ray scattering, scattering from experimental systems, viscometry, failure or strength 
testing, adhesion testing, birefrigerance, rheo-optlcs, electron radiation, neutron radiation, sychotron radiation, or the 

30 like, infrared techniques (e.g., FTIR. IR detection or otherwise), thennai analysis techniques (such as differential scan- 
ning caforfanetry, differential themnal analysis or the like), chromatography techniques, resonance, spectroscopy, light 
scatter, spectrometry, microscopy, nuclear magnetic resonance, optical measurements, electrochemical measure- 
ments. By way of example, X-ray diffraction (XRD) and X-ray fluorescence (XRF) can be used in combination to de- 
termine the materia! crystal structure and composition, respectively. Other suitable screens might be gleaned from 

35 commonly, owned U.S. Patent Nos. 5,776,359; 5.959,297; 8.013.199; 6,034,775; 6,087,181; 6,151.123; 6.157,449; 
5,175,409; 6,182,499; 6,187,164; 6,226,487; 6,248^540; 6,256,226; 6,260,407and U.S. Applteation Serial Nos. 
60/300,792, filed June 25, 2001; 09/680,154; 09/216,417; 09/667,119, 09/939.252, 09/580,024, and 60/314,842 (all 
of whbh are hereby Incoiporated by reference), as well as other commonly owned patent properties. 
[0119] Samples may also be analyzed using art-disclosed techniques, for any of a number of different physical prop- 

40 erties, such as tensile strength testing. Impact strength testing, tear resistance testing, density testing, tack testing, 
vlscoelastlc modulus testing, rheology testing, viscosity testing, bulge testing, probe perturbation testing, flexure testing, 
optical testing, hardness testing, melt Index testing, flow index testing, glass transition testing, melting point testing, 
flow Impedance testing, surface roughness testing, light scattering property testing, die swell testing, order-disorder 
transition temperature testing, order-order transition temperature testing, fluid permeability testing, electrical property 
testing (e.g., dielectric constant) or other testing. Examples of such analytical techniques can be found in comhnonly 
owned U.S. Patent Nos. 09/939,149, filed August 24, 2001 ; 09/939,263, filed August24. 2001 ; 09/938,994. filed August 
24, 2001 ; 09/939,252, filed August 24, 2001 ; 09/939,404, filed August 24, 2001 ; 09/210.086, filed December 11 , 1 998; 
09/954,449 filed September 17, 2001 (all of which are hereby incorporated by reference). Other themiat or electrical 
properties may be analyzed such as conductivity, resistivity, or the like. 

50 [0120] Samples may also be analyzed for response to cyclic loading, solvent/chemical resistance, weatherability, or 
other conditions for simulating actual operating conditions for a partlcuiar application, in yet another embodiment, 
materials are analyzed for their recycleability attributes. 

[0121] it Is also expected that characterization may also be employed using other art-disdosed techniques, including 
optical microscopy, scanning electron microscopy, or other microscopy techniques. 
55 [0122] Thus, it can be seen how those of skill in this art can effectively utilize the metiiods of this Invention for a 
combinatorial materials science research program. 
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Library Design Methodology 

[0123] As can be appreciated from the above, the present Invention provides an advantageous approach to the high 
throughput preparation and analysis of nnatenai san:ipies. Though the preparation and analysis of individual test sam- 

s pies is contenrtplated within the scope of the present invention, in a particularly preferred embodiment, the present 
Invention is used In the preparation and analysis of libraries of plural test samples for achieving high throughput rates. 
[0124] (n creating libraries in accordance with the present invention, It is frequently desirable to vary the compositions, 
stolchiometry or processing parameters of the starting materials, although it will be appreciated that a library of plural 
identical library members might be employed, wherein different of the library members are subjected to a different 

10 analysis (e.g., property test, screen or the lll^e). It is also possible to vary the reaction environment conditions from 
. region to region to create different materials or materials with different properties. 
[0125] In the context of preparing and analyzing libraries of materials. It Is contemplated that one or a combination 
of parameters can be varied within a library selected from composition, concentration, addition sequence, addition 
time, addition rate, temperature profile, temperature processing history, mixing type, mixing force, mixing rate, mixing 

15 history, shear strain, elongatlonal strain, mixing torque, cure initiation time (e.g„ chemical, thermal, physical), mixing 
environment, residence time distribution, molecular weight, compounding conditions, use of compalibilizing agents (e. 
g., for controlling hydrogen or ionic bonding, electron donor-acceptor complexes, or the like), radiation exposure, cy- 
clical loading, solvent type, environmental exposure, or the tike, 

[01 26] By way of Illustration, with particular reference to the selection of the chemistry of a first and second different 

20 Ingredient, it is possible that the first Ingredient Is constant across the substrate, but the second ingredient is varied 
region to region. Likewise ft Is possible to vary the first ingredient across the substrate, but maintain the second ingre- 
dient constant. Moreover, It is possible to vary both the first and second ingredients across the substrate. 
[0127] Examples of ratios and techniques for forming a variety of libraries are illustrated in U.S. Patent Application, 
Serial No. 09/156,867 and Serial No. 09/156,827 entitled "Fonnation of Combinatorial Anrays of Materials Using So- 

25 lution-Based Methodologies hereby Incorporated by reference. Preferably a library is created having at least 4 different 
materials, more preferably at least 5, still more preferably at least 10. Amounts of different materials in excess of 10 
are contemplated for a single library in accordance with the present invention. For instance, libraries may contain at 
least 1 2, 24, 36, 48, 96, 256, 500, 1 000, 1 0^, or 1 0^ different materials, in some embodiments, the library can include 
96xN different materials, where N ranges from 1 to about 20, and preferably from 1 to about 1 0 or from 1 to about 5, 

30 [01 28] By way of illustration, if there is a two Ingredient material being prepared, a phase space is fonned to examine 
the complete range of ingredient variation. A first library may be fonned by selecting an amount consistent with the 
size of the region being used (discussed beiow) and mixing an appropriate molar amount of ingredient A and ingredient 
B 80 that the first region of the substrate contains 100 % of ingredient A and 0% of ingredient B. The second region 
may contain 90% of ingredient A and 1 0% of ingredient B. The third region may contain 80% of Ingredient A and 20% 

35 of ingredient B. This Is repeated until a final region contains 0% of ingredient A and 100% of ingredient 6. Library 
fomnation in this fashion applies to as many ingredients as desired, including 3 ingredient materials, 4 ingredient ma- 
terials, 5 Ingredient materials, 6 or more ingredient materials, or even 10 or more ingredient materials. Like techniques 
may be employed in preparing libraries having stolchiometry, thtekness or other chemical or physical gradients. 
[0129] Moreover, in another embodiment of the present Invention, a method is provided for fomning at least two 

40 different libraries of materials by delivering substantially the same ingredients at substantially identical concentrations 
to regions on both first and second substrates and. thereafter, subjecting the Ingredients on the first substrate to a first 
set of reaction conditions or post-delivery processing or treating conditions and the ingredients on the second substrate 
to a second set of reaction conditions or post-delivery processing or treating conditions. Using this method, the effects 
of the various reaction parameters can be studied and, In turn, optimized. Reaction, processing and/or treatment pa- 

45 rameters which can be varied Include, for example, solvents, temperatures, times, pressures, the atmospheres in which 
the reactions, processing or treatments are conducted, the rates at which the reactions are quenched, etc. Other 
reaction ortreatment parameters which can be varied will be apparent to those of skill in the art. Hence, one embodiment 
of the invention is where a library of materials, after its formation, is thereafter subjected to further processing (such 
as heat treating in an attemative atmosphere) to create an library of different materials. 
50 [0130] The library can have as many materials as there are regions on the substrate. For purposes of this Invention, 
the number of materials is typically equal to the number of regions on the substrate, unless certain regions are left 
empty. The number of regions on the substrate is discussed below, but applies as well to the number of materials. 
[0131] In some embodiments, a region on the porous substrate Is smaller than about 25 cm^, preferably less than 
10 cm^. more preferably less than 5 cm^, even more preferably 2 cm^, still more preferably less than 1 cm^, and still 
55 more preferably less than 0.5 cm^. In most preferred embodiments, the regions have an area less than about 10,000 
nm^, preferably less than 1 ,000 more preferably less than 1 00 jim^, and even more preferably less than 1 0 nm^. 
In this manner, it is possible that relatively small material sample sizes can be employed, such as on the order of about 
100 micrograms to about 500 mg, more preferably about 5 to about 50 mg. 
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Material Handling 

[0132] As Illustrated further (with reference to FIG. 1), deOvery of a material to a substrate In accordance with the 
present invention can be accomplished any of a number of manual or automated methods. One prefen-ed method and 

5 system for generating a contbinatorial library and perfonrtihg materials research with the library involves the employ- 
ment of automated systems driven by suitable software, such as LIBRARY STUDIO^*', by Symyx Technologies, Inc. 
(Santa Clara, California); IMPRESSION IS"r«, by Symyx Technologies, Inc. (Santa Clara, California); or a combination 
thereof. The skilled artisan will appreciate that these systems can be adapted for use lr\ the present Invention, taking 
Into account the disclosures set forth In commonly-owned copending U.S. Patent Application, Serial Nos. 09/174,B56 

10 and 09/305,830, each of which is hereby Incorporated by reference. 

[0133] Prior to delivering Ingredients, mixing may be desired in preparing material samples or libraries. I\^ixlng is 
aocompilshed In any one of many manual or automatic methods. Mixing can be manual such as by shaking the vessel 
or well. Mixing can also be automatic such as by using an inert ball bearing in a shaken vessel or array of vessels, 
such as a titer plate. Mixing can also be accomplished via a dispenser that repeatedly aspirates and dispenses some 

15 or all of the contents of a vessel or well. In a preferred embodiment, mixing Is performed in the nozzle of an automatic 
dispensing robot that repeatedly aspirates and dispenses some or all of the contents of a vessel or well. Other mixing 
methods include agitation of the solution with a gas stream, diffusion, sonicatlon or other agitation techniques known 
to those skilled In the art. 

[0134] By way of lilustration, without limitation, a system for preparing a material sample or library of material samples 

so In accordance with the present Invention, includes a container for liquid to be dispensed, a pump system in pumping 
communication with a valve system. The valve system Includes one or more valves (e.g., solenoid vah/es, such as 
Microdrop Model 3000 available from BloDot Inc.) adapted so that liquid from the container can be drawn into a dis- 
penser (e.g., a syringe or Ink jet dispenser having a nozzle) connected to the valves from negative pressure generated 
by the pump system. The liquid in the container can then be dispensed onto a substrate, which is preferably held on 

25 a mounting surface of a motion plate. In one prefen-ed embodiment, the valve system portion Including dispensers is 
movable In the x, y and z directions and the mounting surface and motion plate is movable in at least the x and y 
directions, thereby penmltting degrees of freedom in the design and creation of spatially addressable materfal samples 
in an array. The LIBRARY STUDIO® brand software allows for interface with the pumping system to control dispensing 
amounts, according to predefined amounts. The IMPRESSIONISM^ brand software in turn controls the translation of 

30 the motion plate so that desired compositions or gradients can be prepared at predetermined locations on the substrate. 
[0135] In some embodiments, the delivery process is repeated to provide materials with as few as two ingredients, 
although the process may be readily adapted to form materials having 3, 4, 5, 6, or even 1 0 or more ingredients therein. 
The density of regions per unit area will be greater than .04 regions/cm^, mora preferably greater than 0.1 regions/ 
cm2, even more preferably greater than 1 region/cnrt^, evenmore preferably greaterthan 1 0 reglons/cm2, and sttii more 

35 preferably greater than 1 00 regions/cm^, in most prefen-ed embodiments, the density of regions per unit area will be 
greater than 1 ,000 regions/cm^, more preferably 1 0,000 regions/cm^, and even more preferably greater than 1 00,000 
regions/cm^. 

[01361 Using the dispenser systems discussed in commonly owned U.S. patent application 08/327,51 3, Incorporated 
by teference, the Individual Ingredients or component mixtures can be delivered separately to regions on the substrate 

40 either sequentially or simultaneously, in a presently preferred embodiment, the ingredients or component mixtures are 
sequentlally delivered to either a single predefined region on the substrate or, altematively, to muilipla predefined 
regions on the substrate. For example, using a dispenser having two nozzles, one or more first ingredients can be 
delivered to regions on the substrate. Alternatively, using this same dispenser, an Ingredient can be simultaneously 
delivered to two different regions on the substrate. In this Instance, the same ingredient or, altematively, two different 

45 ingredients can be delivered. If tine same Ingredient Is delivered to both of the regions, It can be delh/ered at either the 
same or different concentrations. Similarly, using a dispenser having eight or more nozzles, for example, eight or more 
different Ingredients can be simultaneously delivered to a single region on the substrate or, alternatively, eight or more 
Ingredients (either the same or different) can be simultaneously delivered to eight or more different regions on the 
substrate. 

so [01371 Other systems may be employed as desired. Including automated solid or fluid dispensing systems. For ex- 
ample, the use of a fully automated fluid dispensing system Is prefen-ed for use in depositing the material samples of 
the present invention, which typically will be provided In a liquid medium. Examples of suitable commercially available 
automated liquid dispensing systems include those offered by CAVRO Scientific Instruments (e.g., Model NO. 
RSP9652) or BioDot (Microdrop Mode) 3000). The fluids delivered by any dispensing technique will be introduced 

55 through passageways of the material sample collector described herein. Thereafter, a suitable negative pressure may 
be applied to flow the fluid through a porous substrate, where solids will be captured and retained for later treatment, 
testing or both. 

[0138] It will be appreciated that liquid dispensing as used in the present invention affords a number of unique ad- 



18 



BNSOOCID: <EP 13ie408A2J^ 



BNSpage 18 



EP1 318408 A2 



vantages. For Instance, tt Is generally possible to add surfactants or other agents to the liquids to assist in controlling 
spreading of the fllnr). Droplet volume control is also possible. However, from application to application, the skilled 
artisan wltl appreciate that some minor predictions, trial and error or both may be appropriate for achieving the desired 
result depending upon any additives employed, the solvent selected, the concentration, the temperature, the evapo- 
5 ration rate, the class of material being deposited or the like. 

[0139] it will be appreciated that the practice of the present Invention need not Include each of the above components 
or steps. Components or steps can be combined or omitted as desired. Further, it is possible that the system may be 
an integrated assembly of some or all of the components, or the components may be configured as discrete stand- 
alone components. 

10 [0140] Molding or shaping may be accomplished using any other art-disclosed mokling technique, including but not 
limited to injection molding, solution film casting, capillary extrusion, or the like. Additionally, bulk shapes can be molded 
using art-disclosed techniques and then machined or otherwise processed to the final desired shape. 
[0141] The preparation and dispensing of material samples having been discussed in detail in the above, and oth- 
envise employing art-disclosed techniques, the discussion now tums to the partk;ular material sample collector and 

IS preferred analytical Instrument. 

Automation 

[0142] Though manual methods are possible, in a particularly preferred embodiment, the preparation and analysis 
20 of material samples Is perfomied In at least a partially automated manner, and is facilitated by the use of suitable 
software. Though it is possible that several functions may be combined into an integrated software package, it is 
anticipated that the software will likely be packaged as separate modules, or as a group of separate modules together 
in a suite. Though any suitable software may be employed, preferred software Is that available from Symyx Technol- 
ogies, Inc. (Sunnyvale, CA), under the designations Identified parenthetically in the following discussion. 
^ [0143] in general, software is employed in at least the following processing steps that are Indicated In the flowchart 
of FIG. 15: 

1) designing a library (e.g.. LIBRARY STUDIO'^") as indicated by the first block 702 of the flowchart 700 

2) translating a library design into commands for directing robots or other Instrumentation to prepare material 
30 samples and thereafter process them (e.g., IMPRESSlONiST^") as indicated by the second block 704 of the 

flowchart 700 

3) acquiring data about rhaterial samples in a library (e.g., EPOCHtm) as Indicated by the third block 706 of the 
flowchart 700; and 

4) organizing and displaying material sample data for search or analysts (e.g., POLY VIEW™) as indicated by the 
35 fourth block 708 of the flowchart 700. 

[0144] A more detailed discussion of the features and operation of sample preparation or processing software can 
be found In U.S. Patent Application Serial Nos. 09/420.334 (filed October 18. 1999); 09/174,856 (filed October 19, 
1998); 09/305,830 (filed May 5, 1999), Incorporated by reference herein. 

40 [0145] Further, It Is also contemplated that any suitable commercially available software will be employed for storing 
and retrieving material sample data (e.g., database software available from ORACLE), correlating material sample 
data with information about a material sample or other material samples in a library, or both. For example, for each 
material sample, the Infomnation obtained preferably Is inputted and stored into a computer, whk:h can retrieve such 
Information for subsequent analysis or comparison with other library members. 

4S [0146] By way of further background, in the context of the present invention, preferably library design will employ 
software including graphk:al user interface for designing a library. The software may provide a navigational interface 
pane for penmitting a user to access, view and edit a design of a particular library (including information about its 
constituent members, such as composition). The software preferably provides a fomnatted woric pane for prompting a 
user to Input data about desired characteristics of a library member. The software also preferably provides a fonnatted 

so definition pane, pursuant to which users are prompted to define or specify stock materials, chemical concentrations, 
reaction conditions or the like. The software is capable if storing such data once Inputted, In this manner, by way of 
example, a user is able to design a library of reagent fonmuiatione or synthesis products by mapping gradients across 
a matrix (e.g., by amount such as volume); alternatively, individual or subsets of cells can be mapped within one or 
more plates across a matrix using equations (e.g., by volume, mass, moles, mmoles, mole/l, mmole/l or the like). 

55 Preferably the software allows for the input of data for design of a single library or a plurality of libraries, as might span 
across multiple physical plates. 

[0147] It will also be appreciated that In the design of an experiment, composition need not be the only variable within 
a library, or across plural libraries. Other variables Include, without limitation, addition sequence, addition time, addition 
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rate, temperature history, mixing type, mixing speed, mixing torque, shear strain, elongatlona! strain, mixing history, 
cure history, environment, residence time distribution or the iiice. in a pref en^ed embodiment, an experiment is performed 
with varying composition, in another preferred embodiment, an experiment is perfonned with a common composition 
at and variation of at least one, and preferably two, more preferably three, and still mora preferably four or more of the 
5 above variables. In yet another preferred embodiment, an experiment Is perfonned with a varying composition at and 
variation of at least one, and preferably two, and more preferably three, and still more preferably four or more of the 
above variables. 

[€148] As Indicated, It is desirable to automate library preparation by employing suitable software for translating a 
library design into commands for directing robots or other instrumentation to prepare material samples and thereafter 

10 process them . in general, this software will Interface between the library design software and the automated Instruments 
that are used for preparing the libraries. Thus, the software will translate data Inputted'for a particular library member 
or members Into a signal for assisting In controlling the automated instruments. By way of example, data inputted for 
the design of a proposed library member might require that a first component and a second component, both the first 
and second components being Icept at separate sites, be dispensed in certain proportions onto a common region of 

15 substrate. Preferably the present software will direct an instrument, such as a material sample handling robot (e.g., a 
CAVRC'^M robot), to translate one or more dispensers to collet the first component and the second components and 
deliver them to the designated region of the substrate. Liicewise, the software preferably penults for controlling post- 
deposition processing or possibly analysis (or material sample processing where there has been no deposition), in iil<e 
manner. Suitable software Is also employed for assisting In the perfonnance of material sample analysis, such as for 

20 instance the high throughput testing or characterization of a maiterlal sample. 

Data Analysis 

[0149] Another aspect of the present invention involves con^etating the data received from the material sample anal- 
25 ysis or other screen with information known about Ingredients of each of the materials, processing conditions of each 
of the materials or a combination thereof. The respective material samples of one or more libraries can be compared 
with each other based upon the data and ranl<ed. in this manner, a large field of research candidates can be narrowed 
to a smaller field by identifying the candidates that perfonn better than others with respect to a predetemnined property 
structure, orfigure of merit. Comparative review of results might lead to rankings of perfonnance from better to worse, 
30 or the like. Likewise, a large field of research candkiates can be narrowed to a smaller one by identifying those that 
meet a certain predetermined criteria. Additional libraries can then be prepared for further analysis. Alternatively, bulk 
quantities of materials having the desired properties or structures can be made for commercial applications. Data 
analysis may be perfonned manually, or by semi-automated or automated techniques. For example, it Is possible to 
employ either or both of the LIBRARY STUDlO(8)(from SymyxTechnologles.lnc.) and ll\/1PRESSlONlSTTW(from Synnyx 
35 Technologles.lnc.) for library design and synthesis, and POLYVlEWTM(f rom Symyx Technologles,Inc.) or other suitable 
data management software to assist in correlating the data. Further, it is contemplated that data obtained from the use 
of the present inventk)n can be used to develop data bases, such as a crystallography data base, or can be used for 
further interpretation or modeling. 

[0150] It will be appreciated that the correlating protocol may be executed by suitable software. For instance, much 
40 of the above infonnatlon typically will be Inputted Into a computer In the course of designing a library, (e.g. using software 
sucii as previously described LIBFIARY STUDIO®), or in the course of programming or otherwise directing an instru- 
ment for exercising an operation upon a material (e.g. through the use of software such as IfulPRESSlONlST™). 
[01 51 ] In tills manner It Is possible to store, retrieve, organize or otherwise manage infonrnation about many material 
samples. 

45 [01 52] Further It is possible to analyze trends of different materials, or plural material samples of the same material 
that has been subjected to different processing parameters or other conditions. An entire design space may be analyzed 
rapidly 

[0153] Preferably, the information Is outputted for visual analysis In, for example, two or three dimensional fomnat. 
Without limitation, one example of such output Is Illustrated in FIG. 16, which plots sample variable vs. base sample 
so vs, temperature such that ttio glass transition temperatures of the sannples may be identified. Trends can readily be 
analyzed within a single plot, or alternatively among different plots, in one embodiment, the plot may Include only 
material samples from a single library. In another embodlmentthe plot includes material samples from different libraries, 
or the results address a property other tiian Tg. 

[0154] Relative material sample comparisons may be made torm analyzing Individual data points, or the data point 
55 may be confined to an analysis of whether a certain predetermined condition has been met. Materials may then be 
ranked according to the respective Infomiation known about them. 

[0155] By way of illustration, suppose a library has five material samples (or a multiple mereof). For illustration pur- 
poses, each material sample is different from each other iTrtaterial sample by tiie relative concentrations of their ingre- 
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dients A and B (of course one or more other variables might be used Instead of concentration) according to Table I. 
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[0156] As can be seen, relative performance of material samples may be compared and evaluated such as by de- 
temnlnlng whether the materials satisfy a predetermined criteria or by possibly comparing the specific quantitative data 
obsen/ed from analysis of the materials. 

[0157] It may also be possible to store the information about a library for future retrieval (e.g. more than one day, 
one week, one month, or even one year after charBcterization). Materials that do not meet a specified characteristic 
in the present may thereafter meet such specification. For example, refen-lng to the Table i, it may be detemilned at 
some future date that a need exists for a blend of A and B that Is crystalline but does not have a mechanical property 
amount greater than 75. A query of a database including the information of Table I would Identify Material sample 4 as 
meeting this criteria. Information about the concentration or other parameters of Material sample 4 could be retrieved 
and the material further analyzed. 

[01 SB] Under any approach, It Is also contemplated spectflcaiiy that materials that satisfy certain criteria, perfomn 
better than others for a desired location or a combination thereof, can be Identified for further study. Such further study 
might include further material sample preparation and screening, the preparation of pilot* or bench-scale quantities or 
even the preparation of builc quantities, (e.g. an amount sufficient to meet the demand of an industriai-scaie application, 
for instance, such as a commercial application where the material is to be processed Into useful or salable article). 
Depending upon the intended application, a bulk quantity may be as small as 1 kg or less, but typically will be larger 
than about 10 kg, more preferably larger than about 100 kg and still more preferably larger than about 1000 kg and 
still more preferably greater than about 10,000 kg. 

Throughput 

[01 59] Throughputs obtainable according to the present Invention preferably are high, and more preferably are higher 
than other art disclosed methods. Throughput will depend upon any of a number of different factors, including but not 
limited to the number of material samples In a library. The size of the material samples, the number of different char- 
acterizations perfonned upon given material sample or the like. Assuming individual material sample sizes less than 
0.2 kg, in one highly prefen-ed embodiment, a material sample or library of material samples is prepared and charac- 
terized for only one of morphology, size, physical property or mechanical property. Though other results are possible 
with the present invention, preferably material sample preparation throughput averages no more than about 8 hours 
per material sample, more preferably no ore than about 4 hours per material sample, still more preferably no more 
than about one hour per material sample, and even stiii more preferably no more than about 0.25 hour per material 
sample, and even still more preferably no more than about 0.1 hour per sample. 

[0160] For an embodiment in which a material sample or library of material samples Is prepared and characterized 
for two or more of morphology, size, physical property or mechanical property, material sample throughput averages 
no more than about 12 hours per material sample, more preferably no more than about 6 hours per material sample, 
still more preferably no more than about 1.5 hours per material sample, and even still more preferably no more than 
about 0.4 hours per material sample. 

[0161] From the above, it will be readily appreciated how the present invention advantageously is employed In the 
rapid preparation and analysis of one or a plurality of new but uncharacterized blend materials. The invention may also 
be employed for the rapid analysis of existing known blend materials. In another embodiment, a combination of known 
and unknown materials (e.g.. blend materials) are rapidly prepared or analyzed, such as by the use of a reference 
control or standard in a library of materials. 

[0162] Throughputs may also be made more efficient through the employment of commercially available technology 
from Symyx Technologies, Inc. , such as the PPR^" polymerization reactor technology, forthe preparation of polymers. 
[0163] The Invention has been described with particular reference to prefen-ed embodiments thereof, variations and 
modifications can be effected within the spirit and scope of the following claims. 
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Claims 

1 . A method for high throughput development of polymer blend materials, comprising the steps of: 

5 (a) providing a first polymer material; 

(b) providing at least one additional material; 

(c) blending said at least one additional material to fonn a blend with said first polymer material; 
(cf) forming a miniature material sample of said blend to a desired sample shape; 

(e) characterizing said blend as to morphology, size, composition, property or a combination thereof; 
10 (f) repeating said steps (a)-(e) for a plurality of material samples of a library of material samples; 

(g) correlating the results of said steps (a)-(f) with known Infomnation about each said blend; and 

(h) preparing at least one additional sample based upon information obtained from said steps [a)-(g). 

2. The method of claim 1 , wherein the materials of said blend are composltionally the same but differ in architecture. 

15 

3. The method of claim 1 or 2, wherein the materials of said blend are composltionally the same but differ in potydis- 
perslty. 

4. The method of any of claims 1 through 3, wherein said material sample is smaller than about 0.1 kg, and said 
20 property of Interest is a physical property. 

5. The method of any of claims 1 through 4, wherein at least one of said steps (e) or (f) is perfomied simultaneously 
for a plurality of samples in said library. 

25 6. The method of any of claims 1 through 5, wherein blending occurs in at least one miniature extruder. 

7. The method of any of claims 1 through 6, wherein blending is perfomned by liquid blending. 

8. The method of any of claims 1 through 7, wherein blending is perfomied by melt blending. 

30 

9. The method of any of claims 1 through 8, wherein blending Is perfomied by mixing In a calendar mill. 

10. The method of any of claims 1 through 9, wherein bending Is perfomied by rotary mixing. 

35 11. The method of any of claims 1 through 10, wherein said sample is fomned from molding. 

1 2. The method of any of claims 1 through 11 , wherein said sample is fomried from compression of a material between 
opposing surfaces. 

40 1 3. The method of any of claims 1 through 1 2, wherein said sample is formed from contact with a roller surface having 
a predefined topography. 

14. The method of any of claims 1 through 13, wherein said sample is fomied by microcentrlfugation. 

45 1 5. A method for gathering infomiatlon on useful properties of a plurality of samples in a rapid manner, comprising the 
steps of: 

a. providing a material in a fluid state; 

b. fomiing a solidified material sample weighing less than 0.2 kg of said material to a desired sample shape 
50 at a sample preparation throughput rate that averages no more than about 8 hours per material sample; 

c. characterizing said sample as to morphology, size, composition, property or a combination thereof; 

d. repeating said steps (a)-(c) for a plurality of material samples of a library of material samples; 

e. correlating the results of said steps (a}^e) with known information about each said material; and 

f . preparing at least one additional sample based upon Infonnatlon obtained from said steps (a)'(e). 

55 

16. The method of claim 15, wherein said sample isfomnedfromcompressk3n of a material between opposing surfaces. 

17. The method of daim 1 5 or 1 6, wherein said sample Is fonned from contact with a roller surface having a predefined 
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topography. 

1 8. The method of claim 1 5, 1 6 or 1 7, wherein said sample Is fomned by compression of a materia) In a welt. 

19. The method of claim 15, wherein said sample Is fomned by microcentrifugation. 

20. The method of any of claims 15 through 19, wherein a plurality of samples are fomned simultaneously. 

21 . The method of any of claims 15 through 20, wherein said plurality of samples are annular. 

22. The method of any of claims 15 through 1 8, wherein said sample Is formed from molding. 

23. The method of any of claims 1 S through 22, wherein said fluid state is a nnolten state. 

15 24. The method of any of claims 15 through 23, wherein said samples are no greater than 0.1 leg. 

25. The method of any of claims 15 through 24, wherein said samples are no greater than 0.01 kg. 

26. The method of any of claims 1 through 24, wherein said samples are prepared and characterized for two or more 
20 of morphology, size, physical property or mechanical property, at a material sample throughput rate that averages 

no more than 12 hours per material sample. 

27. The method of any of claims 1 through 24, wherein said samples are prepared and characterized for two or more 
of morphology, size, physical property or mechanical property, at a material sample ttiroughput rate that averages 

25 no more than 6 hours per material sample. 

28. The method of any of claims 1 through 24, wherein said samples are prepared and characterized for two or more 
of morphology, size, physical property or mechanical property, at a material sample throughput rate that averages 
no more than 1 .5 hours per material sample. 

30 

29. The method of any of claims 1 through 24, wherein said samples are prepared and characterized for two or more 
of morphology, size, physical property or mechanical property, at a material sample throughput rate that averages 
no more than 0.4 hours per material sample. 

35 30. The method of any of claims 1 through 29, further comprising preparing a builc quantity of a material based upon 
based upon Information obtained from at least said steps (a)-(e). 
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